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iaodlo  oMtinga  hav*  paoulAr  etruotural,  eleotrioal  and  — ohmioal 
oharaotarlstioa.  In  ooatinga  obtained  with  aold  eleotrolytasy  a  parow 
honey ooab  struoture  developa  that  If  filled  with  dyes  are  of  use  for 
omaaental  or  Identifioation  purposee. 

Bores  could  be  filled  with  semi-oonduoting.  fluoresoont  or  BagBetlo 
■aterials,  possibly  giving  place  to  new  applications  for  aluatnluB. 

If  ferromagnetic  aateriale  were  impregnated  inside  the  pore*)  a  pa¬ 
rallel  array  of  magnetic  tiny  rods  oould  be  obtained  that  la  reamoa 
to  its  particular  geometry .  oould  beoome  close  in  nature  to  the  ao-malled 
ISS  or  elongated  single  domain  particles.  It  perhaps  ahould  give  plaoe 
to  a  peouliar  magnetic  behaviour  and  perhapa  to  a  material  for  aagaatie 
memories  or  other  related  devicas.  The  prelimlnar  study  of  suOh  a  poeal- 
blllty  la  the  main  objetlve  of  the  present  work. 

Impregnation  with  solids  has  a  ntunber  of  limitations  beoause  of  the  Moll 
diameter  of  pores »  in  the  order  of  100  to  300  I.  k  teohalque  has  bees  de¬ 
veloped  by  the  author  doing  possible  an  impregnation  more  easp  and  rapid  Hiaa. 
jiee  the  classloal  ones,  where  the  solid  is  fonsed  only  inside  the  pores* 

For  ferromagnetio  materials  use  has  been  made  of  solutions  of  orgaaio  or 
Inorganic  salts  that  by  thermal  demolition  oan  give  plaosy  thearetioaly. 
to  ferromagnetio  oxides,  oarbides  or  free  metals. 

Unfortunately  anodlo  coatings  are  very  sensible  to  beat  treataaais»  beoam- 
se  of  thermal  shooks  and  develop,  above  ipO*C,  erases  and  fisuras  deterio¬ 
rating  the  samples.  Some  thermal  treatment  was  carried  out  til  near  the 
melting  point  of  aluminium  (720*C)  and  while  it  was  observed  that  magmetio 
susceptibility  increased  with  temperat.ire  treatment  no  fnrrMagaetio  phase 
was  detecteu.  Eeat  treatment  -Ith  reducing  atmospheres,  that  oould  develop 
such  phases  to  lower  temperatures,  have  been  not  carried  til  present. 

Other  experiences  were  carried  out  bv  using  Eanit.en  solutions  (Hrwiier 
preoess  for  electroless  nickel  plating)  with  no  positive  results  with  tto 
propletary  solutions  used.  Tham^  de.-)oompo8ltion  of  nlokel  oazbonple  was  Mt 
possible  to  be  done  beoause  dlffloultiee  of  proourmeent  and  transport  regu- 
latlcns  for  thle  type  of  ooumpounds. 

From  previous  erperienos  of  the  author,  (K>atln^  wers  i^reffostsd  taith  ss- 
mloonduoting  subatsnoss  suoh  as  OaS,  which  impart  and  slsotriml  owduotive 
ohaxaoter  to  ths  oth  otbsrwins  very  high  isolsnt  naturs  of  Moh  oeatiagB. 

In  these  crrc'ftlons  they  oan  be  plated  by  using  a  suitable  aiokel 

Two  different  types  of  niokol  films  wers  obtsiasd,  dapidtag  if  oleetrode>» 
poaitioB  is  done  wi.tb  or  without  s  paint  diaphraga  lired  out  on  ^  naedle 
floating.  In  the  later  oaso,  with  no  diaphragm,  niolBal  is  iigNMdted  M  the 
anodlo  ooating  as  a  normal  niokal  fila,  with  ao  eoarM  ■dbeianos  that  ia 
vary  easy  data^ed.  Itt  aiokel  is  deposited  inside  ttm  paiene 
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In  the  o&aa  that  a  diaphra^  la  used,  a  dark-grey  nlokel  flla  la  obinlaad 
irtiloh  looks  as  foroing  a  oontlnous  deposit  from  the  top  of  the  ooatiag 
to  the  underlaying  aluminium.  Unfortunately  It  has  been  demostratadt  that 
aben  the  entire  coating  Is  removed  from  the  aluminium  support,  tao  dlffa- 
rent  layers  are  obtained  t  One,  the  nearest  to  the  top,  contains  praotlealy 
all  the  plated  nickel  and  a  second  one  alth  very  fea  traces  of  nl(dBsl  at 
all,  being  this  a  symptom  that  nickel  deposits  rather  betaeen  the  anodio 
coating  and  the  paint  film  than  inside  the  pores. 

The  magnetic  behaviour  of  nickel  films  as  plated  on  copper,  braes  or  on 
conductive  coatings  was  studied  by  doing  use  of  a  coarse  version  of  a  lett- 
gebauer  toreion,-magnetometer,  ahereby  determinations  on  Ms,  magnetlo  walmo- 
tropy  and  Curie  Points  aere  made.  No  fundamental  dlfferenoes  aere  found  het- 
aeen  the  studied  samples. 

In  order  to  determinate  values  for  Ho  and  Br  of  such  films,  an  osolllatisn 
magnetometer  aas  developed  and  hysteresis  loops  of  several  samples  asrs  ob¬ 
tained  by  this  aay.  The  distorted  and  out  of  value  loops  obtained  are  a 
clear  symptom  of  the  limitations  of  the  measuring  method  or  that  a  more  so- 
phlatioated  theoretical  treatment  is  required  In  order  this  type  of  Ins¬ 
tallation  oar  be  used  for  such  purpose. 

On  the  light  of  the  results  obtained  up  to  present,  the  future  work  is 
being  directed  to  Insist  in  to  find  a  suitable  and  reliable  way  to  impreg¬ 
nate  the  pores  with  nickel  or  other  ferromagnetio  metals,  by  using  metal 
eleotroless  plating  processes  suoh  Sf  the  Brenner  or  by  thermal  redueiion 
under  controlled  atmosphere  of  suitable  organic  or  inorganic  salts. 
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I  h  *  !•  c  auction. 


Detaile.i  of  the  structure  of  anodic  coatings  on  aluainium 

carried  out  by  several  workers  (l»2,3»4»5)  and  specially  by  Keller, 
Hunter  and  Robinson  (6),  has  shown  that  in  anodizing  electrolytes 
containing  sulfuric,  phosphoric,  oxalic  or  chromic  acids  (which 
appreciably  attack  the  forming  oxide),  the  amount  of  oxide  formed 
is  usually  a  function  of  current  and  time  ani,  that  because  of  a 
process  of  simultaneous  formation  and  solution  of  the  coating,  a 
cellular  coating,  with  t^aob  cell  having  at  its  center  a  pore,  a  few 
Angstroms  in  diameter,  is  always  produced  (7ig.  l). 


7ig.1.  Sohematical  view  of  structural  cells  in  anodiiiied  coatings.  (4). 


The  szistanoe  of  such  pores  in  the  coating  has  aads  possible  to  dye 
the  coats  with  different  colours  and  to  give,  In  conjunction  with  otbar 
pbysioal  obaracteristios  of  the  ooat  (  hardness,  abraBslon  rsalstanos, 
high  adhesion  etc.)  a  wide  range  of  omaaental  applloatloM  for  alisBl- 
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nium  anc.  soae  of  tta  more  iiliportant  alloys. 


Kellar  and  ad.  (6)  have  been  able  to  confirm  qualitatively  with  the  use 
of  electron  mioroscoj-e  and  special  r  nilica  toohniques,  that  each  oell  ie 
a  hexagonal  prism  with  an  spherical  shaped  base  containing  a  central  star- 
shaped  pore  which  does  not  penetrate  the  full  lenght  of  the  prism. 

In  other  hand,  quantitative  measurements  carried  out  by  the  same  workers^ 
about  cell  dimenaions  ae  affected  by  different  oporating  oondltlona  of  ano¬ 
dizing  with  several  electrolytes,  established  that  oell  size  and  barrier 
thioknesB  are  prlmarely  a  direct  function  of  the  forming  voltage,  and  that 
pore  diameter  is  only  a  function  of  the  electrolyte  and  Independlont  of 
applied  voltage.  In  table  I  are  given  the  obtained  values  for  wall  thloksess 
and  pore  diameters  with  different  electroly tas. 


Table  I.  Pore  diameter  and  Wall  thioinness  of  oxide  ooatlngs. _ 

Electrolyte  j  Pore  Diameter  |  Vail  tbioknese 

Angstrom  Units.  !  Angstrom  Units. 


45^  Phosphoric  Acid,  i 
2%  Oxalic  Acid,  7^*P.  i 
li  Chromic  Acid,  100«F. 

15^  Sulfuric  Acid,  ?0*P 


330 

170 

240 

120 


10,0 

9,7 

10,9 

8,0 
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Prom  these  studies  Keller  and  ad.  werr;  able  to  draw  out  a  working  picture 
of  the  structure  of  the  -jiodic  coat  as  snown  in  fig.  1  b,  whioh  gives  dimei.- 
sions  for  a  coat  obtained  at  120  volts,  witi:  a  4^  phosphoric  aoid  electroly¬ 
te.  Prom  this  model  the  cell  size  'Uid  tJie  pore  volume  per  cent  of  any  par¬ 
ticular  ooat  can  be  calculated  by  the  extresionsi 

Cell  size  =  C  «  2W.E^P  and  Pore  Vclume  in  »  V  •  78,5  pVo? 

where  W  is  the  wall  thickness  in  A/volts  units  for  each  particular  electro¬ 
lyte,  B  the  forming  voltage  and  P  the  pore  diameter  (assumed  to  be  oiroular). 
It  is  clear  from  the  above  expressions  that  pore  volume  decreases  with  inoret 
sing  forming  voltage  as  it  oan  be  seen  in  fig.  2. 


Pig.2.  Belation  between  pore  volume  and  forming  voltage*  (A)  PboeplMrio 
Acid. (B)Sulfurio  Acid. (6). 
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It  is  intereatlng  to  notice  that  the  bottom  l&jrer  or  blocking  barriWy 
follows  for  thlokness  the  sfijse  rule  with  applied  voltage  as  the  wall  thlol^- 
no6s  of  the  cell.  In  both  cases,  It  has  been  foiind  that  a  superior  llait  of 
14  a  per  volt  exists,  the  aotusl  limit  being  less  bjr  a  factor  dependlag  OB 
the  nature  of  the  electrolyte. 

Although  the  chemical  nature  of  the  cnodic  coating  is  rather  ooaplax  and 
amorphous,  it  is  known  that  is  mainly  composed  of  aluminium  oxide  wkloh  fi¬ 
nal  crystal  structure  depends  on  the  anodizing  variables,  the  metal  itself 
and  the  poet- treatments  after  anodizing. 

It  is  well  known  that  the  physical  obaraoteristios  of  anodic  ooatingB 
are  unique  when  properly  obtained.  Apart  from  hardness  and  high  abrasir# 
reeiatanoe,  they  present  an  high  eleotrioal  isolant  oharaoter,  with  resis¬ 
tivities  in  the  range  of  10**  -  10‘*  Ohms. cm  and  breakdown  voltages  in  the 
order  of  40-^0  volte/micron.  Pullen  (?)  bas  found  that  breaokdown  voltsgss 
for  ooats  ^-10  microns  thick,  follow  a  lineal  law,  while  in  tbinnar  costings 
an  exponential  law  is  dominant. 

The  particular  disposition  of  pores,  in  a  parallel  array,  vertically  dis¬ 
posed  to  the  metal-base,  in  the  same  fashion  as  an  honsg^oomb  struotursi 
the  exlstance  of  a  thin  blocking  barrier  at  the  bottom  of  the  ooat,  and  ths 
possibility  to  change  ,  within  certain  limits,  the  parameters  of  the  osll, 
makes  this  type  of  structure  a  very  interesting  one  to  study  its  behavlovr 
when  the  pores  are  filled  with  different  materials  other  than  djres  as  usoal- 
ly  is  made. 

Por  instanoe,  the  author  lias  been  able  to  disoovsr  that  the  highly  elso- 
*^loal  isolant  characterlstio  of  the  ooatlng,  dissapears  when  the  pores  ars 
filled  with  substanoes  like  oopper  and  silver  sulphides.  Pig.  3  shows  the 
current-voltage  curves  for  ooats  impregnated  "in  situ"  with  CuS  by  ussiag 
different  concentrations  of  copper  sulfate  solutions,  and  posterlously  trssi- 
ted  under  the  action  of  gaseous  sulfhidrlo  acid.  The  oonduotivlty  is  no  li¬ 
neal  depending  on  polarity.  Direct  and  reverse  values  are  given. 


Pig.  3.  Cux^ent-voltage  curves  for  snodio  ooatlngs  impregnated  with 
CuS.  Direct  (anodic  ooat  positive)  and  reverse  currents. 


Posterior  studies  shown  that  only  a  few  oonpounds  are  able  to  impart  this 
oonductlve  character  to  ths  ooat.  The  dlfferenoss  to  OuB  ^iag  of  ooims 
oonsiderable  as  shown  in  fig.  4* 


—  4  — 

The  rectifying  character  found  for  CuS  and  Ag8  iapregnatlont  Iboonmums 


Fig.  A.  Cor.  iu<-  :ivl  ties  for  different  oonpoxuda  ioqtregnating  an  aaodla 

coating.  Hote  change  of  scale  for  OuS.  Values  for  are  bmut-* 
ly  a  third  of  CuS  ones. 


after  a  previous  electrical  forming  treatment  as  shonn  in  fig.  the  nhaap* 
ge  from  JL  to  B  taking  normally  place  with  a  sharp  burst. 


Fig.  Eectlfying  effect  anu  formation  process  for  an  anodlo  ooatiiv 

Impregnated  with  CuS.  (Higher  conduotivlty  for  ijqtregBated  oe«% 

as  positive). 


e 


Fig.  6  la  a  raoord  obtained  on  a  iri :  .l'u*r<>tor  low  spaed  niiot  VMSlNbV 
for  a  ooatlng  lapregnatad  with  igS.  Of.  *j  r:,.rht|  aide  a  ourvwBt'-wolta#a 
curve  baa  been  traced  until  120  voltu,  h.  both  dlrectlonsy  without  breadO' 
dawn. 


Fig.  6.  fl.C.  direct  ana  rev  or;  «  v  ilues  1‘or  an  anoaic  coating  i»- 

pregnated  with  igS.  On  ti>e  rignt  aiuey  current-voltage  curves* 


'>osaible  to  eleotroplatoy  from  suitable  baii.e.  nickely  oopper*  ailvery  etc* 
on  coat.  The  plate  so  obtained  is  r.f,  rtr.  lily  very  little  adherent  and  can 
be  easily  detaohedy  being  this  one  !i  ;uua  ai<‘'.iOd  to  obtain  foils  of  uetalB  • 


On  the  contrary ,  If  eleotrod'^osl t i ui  i.jn-a  ;ilace  through  a  suitabla  dla— 
phragBy  as  for  istanoey  by  lying  paii.t.  or  gel. i tin  on  the  anodic  ooaty  tbs 
netal  is  deposited  Inside  the  pores,  r<'sultijv  a  nickel  ooat  with  a  vwxgr  Udll 
adhesion.  In  both  oases,  the  conuuctlvity  of  the  resulting  ooata  la  siwllair 
to  that  one  of  the  bulk  deposited  metal,  it  is  totally  eleotronlc  in  oharav- 
ter,  the  rectifying  effects  being  removed. 

The  performance  of  these  oomplez  coats,  abrief  roauaed  of  it  has  basB  gi** 
vwn  her«y  opens  new  fields  of  possible  applications  to  anodlaed  altudaitHiy 
the  following  being  the  most  laportanti 

1.  A>inted  oirouits  for  heavy-duty  moving  oontacta.  Fig.  7  shows  a  faqpla 
that  has  been  working  for  more  than  five  millions  of  ayolas  without 
appreciable  deterioration. 

2.  Dry  eleotJib  oapaoitora  of  aluminium.  Some  work  la  now  balag  dpua  da 
this  asnas  (8). 

3*  ▲  printing  metbod,  without  ink,  by  using  auiv  'Cf  i.laot>uaiatttua  ytn* 

par*  Arlatiag  stanolla  to  be  prepared  by  photoeot^tiag  tha  aouduudlMW 
ooat*  At  parts  lAere  nioksl,  or  oopper,  ia  rwaovad,  tha  aaodio  ooalllll 
xuaalns  with  Ita  very  high  laolant  oharaotar. 

4*  nootroluadAwaoent  panala  ^  tupragnatiag  tha  poras  adth  auitiMu 
tarisla. 
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Imlnesoant  pioturea  b/  usin«  the  "Fotoanodlsado"  Afpomb  (9)  or  etlMT 
almllar  and  by  Impregnating  the  remaining  «q>V  porea  with  fluowo— % 
materlale.  Ptotviree  glow  very  bright  whan  under  ultra-^olet  ligkt* 


6*  Ferromagnetic  panels  by  Impregnating  the  ooat  with  megnetlo  aeterABlB* 
Because  of  the  apodal  estruoture  and  disposition  of  poreBt  tiiqr  rodB 


Fig.  7.  Heavy-<iuty  print^a  circuit  done  on  an  anodic  coating  impreg¬ 
nated  with  CuS  !in.l  el*  ctroderiosited  nickel. 


of  ferromagnetic  materiais  coul  ;  be  obtained  in  a  parallel  array  within 
the  matrix  of  the  oxide  ooat,  which  beoauae  dlfflanelona,  oolud  bring  elon¬ 
gated  single  domain  j  -ir tides,  that  as  a  conjunt  should  be  reeponeible 
for  high  ooercitve  values  'ind  square  h/etereels  loops.  The  main  objetlrs 
of  present  contract,  is  to  study  thsse  possibilltlee. 


' 


Pcirt  I  Aaodizin^c  proo«dur« 


Anodizing,  as  nearly  all  the  eleotroohaaioal  prooeseaa  ia  auh^et  to  A 
aeries  of  varlahlee  like  teap&rature,  tine,  voltage,  ourreat  dearttgr, 
llty  of  aetal,  type  of  electrolyte,  eto.  that  it  ia  very  iaportant  to  Ipaey 
all  theae  variable  within  tight  limlta  always  that  reproduoible  reonlto 
required. 

An  anodizing  installation  ,  able  to  keep  unjer  oontrol  the  above  rarlabloo 
has  been  built  for  this  purpose.  The  cell  oan  hold  any  type  of  aol4  Olot' - 

trolyte  and  oan  be  naintalned  within  plus  sinus  0,3*C  biy  uaiag  a  ’titenmitatic 
bath  with  a  sensitive  mercury  relay  who  sonmande  the  heating  and  oooUng  oyo^ 
tem.  Details  of  the  anodizing  installation  can  be  seen  in  fl«.  8. 


Pig.  8.  General  view  of  installation  ubs'J  for  the  work  undar  thia  eOB“ 
traot.  On  right  aide,  the  ;xno<i.alrui  installation.  Left  Bide, 
sion  magnet(Meter.  Center,  oven  uni  auxlllar  equipment. 


k  is  the  heating  bath,  B  the  mercury  relay.  C  the  solenoid  valve  oemtuHliilll 
the  flow  of  cold  water,  S  a  beat  aeohanger  (not  Tiaihle)to  be  looiod  wiHt 


^ef  t  ot  ■Dtef  Wf 

11  rod  of  m-- 


loe  when  required  and  B  the  etirrer  oonneoted  to  the 
a  flexible  plastic  sleeve  oloeed  at  bottom  with  an 
agitation  ie  also  provided. 

Izperienoe  gained  with  this  inetallatlon  atabliehed  that  for 
peraturee  between  to  25*C  and  anodizing  aurfaoea  not  greater  fMB 
if  proper  aetting  of  mereary  relay  ie  aeoured,  e  'MMnal  egellibl^iMpi 
ohed  where  temperature  variations  in  the  aleotrolyte  raeelna  wlttiM 
nuB  0,5*C,  epeolally  after  anodising  two  or  three  d«amqr  saaplaa» 

In  order  to  keep  the  time  of  anodizing  within  the  required  vmleee  a 
switch  P  has  bean  incorporated,  who  at  the  end  of  anodisiag  li^te  A 
and  exoltea  A  bell. 


Control  de  ourrent  density  is  seoured  by  recording  ourrent  on  a  low  speed 
niiot  recorder  which  gives  also  a  pemaaent  infoncation  of  the  ezaot 
tiae  spent  in  ariodizing  aaoh  sample* 

The  quality  of  metal  used  has  bean  99 $95%  aluminium  in  plates  of  100  x  $0 
an.  0,6  mm  thick.  Also  rods  of  3  mm  diameter,  of  a  lower  quality  has  been 
used. 

The  squences  of  anodizing  are  sunmarized  in  table  II. 


1  Table  II.-  Onerative  seouenoe  for  anodizins.  * 

Sten 

Onerati'on 

Procedure 

Product 

Ram&rks. 

1 

Degreasing 

Vapour 

Trlohloroetilen 

- 

2 

Cleaning 

Bleotrolytio 

Ia,K)4 

Warm  solution. 

3 

Hinslng 

Dip 

Banning  water 

Cold. 

4 

Neutralizing 

Dip 

1%  ao^Ht 

Cold. 

5 

Binsing 

Dip 

As  in  3 

6 

Conditioning 

Bleotrolytio 

POu  H,  ,11-fiutanol 

60*C. 

7 

Binsing 

Dip 

As  in  3. 

8 

Activation 

Inmierslon 

CtOas  FQi  Ht 

80«C,  10-20  min. 

9 

Binsing 

Dip 

As  in  3. 

10 

Anodizing 

Blectrplytlc 

155*  304  H,. 

18-22*C. 

11 

Binsing 

Dip 

As  in  3. 

12 

Beutralizing 

Dip 

lOjta^CB 

Cold. 

13 

Binsing 

Dip 

As  In  3> 

14 

Conditioning 

Dip 

55*  BaCV 

Cold. 

15 

Binsing 

Dip 

As  in  3. 

16 

Drying 

Oven 

Dry  air 

1  hour  at  150*C. 

In  our  anodising  procedure  several  special  steps  has  been  added  to  secu~ 
re  the  best  absorbing  properties  and  a  reproduotlble  structure.  Step  5$  ia 
a  short  eleotrobrlghtenlng  treatment  to  remove  the  distorted  surface  layer 
of  metal,  always  present  from  previous  manufacturing  processes.  Step  7  is  re¬ 
quired  to  remove  the  pasivation  left  by  the  oonditlonlng  step.  Other  oondltio- 
nlng  treatment  is  given  at  step  14  in  order  to  remove  any  loose  amorphous 
substanoe  left  in  the  pores  by  the  anodising  process.  Finally,  step  16,  heat 
treatment  in  absence  of  humidity,  is  given  to  improve  the  absortion  power  of 
the  anodic  coating  and  to  promote  its  orystallsatlon. 

Smrlng  the  time  covered  by  this  report,  only  anodized  samples  in  15%  sul- 
furio  loid  have  been  prepared,  inodlslng  voltages  normally  used  has  been  10  - 
11  volts  O.C.  ,  temperatures  from  18  to  22*C  and  an  standard  time  of  45  mimtr- 
tes  of  treatment.  The  characteristics  of  cell  structure  obtained  in  thMW  SBO^ 
disiag  oonditione,  are  aproximately,  according  the  model  of  Keller  and  ad.. 


the  followingi  , 

Pore  diameter. .  120  A. 

Separation  between  pores.  l80  1. 

Barrier  layer . . . .  80  1. 

Pore  volume . .  10-20% 

Total  thiclmess  (dSsiln.).  10-1$  microns. 


With  such  structural  dimensions  it  in  theoretioaly  possible,  by  impregaatisf 
the  full  lenght  of  each  pore  of  the  ooating  with  a  fsrrnmsgintl  n  mstezlal,  to 
obtaia  a  parallel  array  of  nunarous  rods,  aproaohing  ths  ideal  ohorsotoristios 
of  elsogated  single  domain  i>artioles,  with  lenght  to  disneter  ratios  near  IMO 
where  very  partioular  magaetio  behavtonr  oeold  he  speotodi 


Pftrt  IZ  lBpr«gaation  ?ro<Mdur« 


8«v«ral  Mthoda  oas  be  used  to  lapregnate  the  oxide  Matrix  vitll  ■MjlWtli 
aaterlale.  The  fundamental  problem  la  the  dlffloultgrt  beoauae  of  tte  tmtHf 
amall  diameter  of  pores,  of  putting  any  Igrpa  of  aolld  aubatanoea  taalAe  tiMM* 

To  be  Buooeafull  it  la  neooesary  to  fill  before  the  porea  with  a 
aubatanoe  by  Imneralng  the  anodiaad  sample  Into  a  true  aolutlom*  Hmmi  SMA 
pore  perfoma  aa  a  ohemiat  tube  of  assay  where,  hydrollals,  thermal  AaeaaM 
position  or  ohemloal  reactions,  does  It  possible  the  formation  of  a  melid 
aubatanoe  *ln  situ**  Details  for  a  very  suitable  method  for  ImpraBnatlcai 
have  been  given  by  the  author(9)« 

Unfortiina telly  not  all  possible  solutiona  are  suitable  for  this  purptNatf 
beoauae  of  attaoklng  the  coat  or  because  in  reason  of  oauaes  not  yet  fSOA 
\inderatood  they  are  unable  to  enter  the  pores,  and  If  the  Impregnatlom  with 
ferroma^etio  substances  is  contemplated  only  a  few  possibilities  oam  be 
oonaldered* 

Despite  these  limitations,  several  ways  oan  be  used,  at  least  theoretlesl/y 
to  aohleve  the  purpose,  as  for  instance,  the  thermal  desoomposltlon  ef  ael^ 
nltratea,  nitrites,  formlatea,  oxalates,  ferrlcyanldes  or  other  orgamle  metal¬ 
lic  oompounds  aa  acetylaoetonates  and  carbonyls*  Tig*  9  Is  a  oolleotion  of 
anodised  aluminium  rods  containing  iron  ferrioyanlds  obtained  In  situ  by  la> 
pregnatlng  the  ooat  with  a  mixture  of  solutions  of  amonlua  ferrous  oltrate 
and  sodium  ferri cyanide,  that  after  exposure  to  light  and  "developosmi'Hdih 
water,  has  been  treated  at  different  temperatures  for  two  hours*  This  '^jrye  af 
solution  was  selected  because  the  amount  of  solid  substance  laid  into  the 
pores  oan  be  easily  controlled  with  time  exposure  to  light  and  beosass  tte 
final  product  of  desoomposltlon,  at  least  when  In  bulk  form,  is  oonstltutod 
hy  a  mixture  of  ferromagnetic  oxides  and  carbides* 


fig*  9*  Anodised  aluminium  rods  imprecated  with  iron  fanricgwHde,  tMf* 
ted  to  different  temperatures  for  two  hours*  Ths  two  flMt  Mil^ 
are  bare  aluminium  and  plain  amodisod  alunlalCy  rwspeotiwmlj^ 
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rodn  wwre  measured  b,v  a  Gu,,  method  in  a  aa^atio  balanoe  at  Iiaboratoxy 
of  lla«;nfltlaB,  Madrid  University.  Pig.  lO  gives  an  idea  about  tbs  Tariatlon 
of  uagnetio  suaoeptibility  wit;,  lemr-erature  of  treatnent.  lo  traoas  of  farro- 
■agnetlam  was  detected. 


Pig.  10.  Vari-jtion  of  rn'i,.;*''  tic  su^ce;  tilility  witi.  temperatui*e  treat¬ 
ment  for  samples  of  fi  r.  ?«. 


Pig.  11  gives  information  about  the  /  .riation  of  suscej  tibility  with  applied 
mi,^e-.ij  i'ield  for  the  sample  treated  at  500*C. 


Pig.  il.  Linearity  of  susoentibility  with  apylie-i  field  for  a  aaa^le 
treated  at  500*C. 


Unfortunately,  heat  treatraen ts  on  ;unO(iized  aluminium  samples  oan  not  be 
greater  that  700«C  because  of  the  melting  point  of  the  metal  support.  Wasptmmt 
treatments  above  200*C  (400«C  by  taking  special  care  to  avoid  thcnmil  idteek/f 
levelope  crazes  and  fi8tu*e5i  on  the  coat,  deterloratii^  the  sample.  %  title 
reason,  zones  of  temperature  where  ferromagnetira  oould  develops  have  bMIt  mt 
reached.  It  remains  to  chaok  if  longsr  time  of  treatment  or  treataeBt  ia  a  fWie 
olng  atmosphere,  as  with  pure  hydrogen  could  bring  out  ferromagnetie  jiWief>,n  ' 
leliable  Installation  for  heat  treatment  und«r  piers  jayoragea  hae  been  «MiP* 
leble. 
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B*oauae  of  theae  lifflitatlons,  the  Imiiregaation  with  frw  fezromasnetio 
a»tarlal8  waa  oonaldere'  advisable.  For  the  purpoae  three  dlffvrcBt  metboda 
oaa  he  theoretloaly  '^tvedi  Chcir.loal  reduotios  of  niolcsl  hgr  the  Irmner  prooeaa 
(Eaniean) }  dlreot  eleotrodapoaitlon  or  reduction  of  nldcel  oarbonjrls  at  low 
tenperature.  The  laat  process  being  disoarded  teaporaly  by  diffioulties  to 
adquire  and  tranBiX)rt  the  proper  pro  ucte.  Preliminar  work  done  with  the  Iren- 
ner  Prooeaahas  given  ullll  present  negative  reaultsy  at  least  for  the  high 
pH  propietary  solutions  used. 

From  early  ezperienoe,  electrodeposition  of  nickel  was  considered  the  aoat 
feasible  for  the  means  at  hand.  But  in  order  to  be  able  to  obtain  an  eleoti^ 
deposit  on  anodized  aluminium  it  is  required  to  make  before  eleotricaly 
oonduotive  enough  the  coating.  Thie  can  be  done,  as  said  before,  by  impreg¬ 
nating  the  pores  with  a  conductive  substanoe,  such  as  OuS  or  igS,  the  only 
oompounds  the"'  b<  two.;;,  about  other  t.'.ent r^ulphldes,  oxidee  and  free  metals 
tried,  are  able  to  imrart  this  property  lo  the  anodic  ooat. 

When  a  fresh  anolized  sample  is  imnerneu  in  a  Warm  solution  of  copper  sul¬ 
fate  or  nitrate,  for  a  few  minutes,  n  rt  of  solution  enters  the  pores.  If  then 
the  sample  is  rinsed  in  clean  water  and  iacorsed  again  in  a  we;ik  solution  of 
sodium  or  amonium  sulphide,  formation  of  copper  sulphide  takes  place  inside 
the  pores  and  eventually  on  the  top  surface  cf  the  ooat,  as  shov.n  in  fig.lJTb, 
because  some  of  copper  sulfate  solution  is  not  ■?/asl,ed  out  ty  the  rinsing 
and  remains  on  the  co.at.  It  takes  about  30  cycles  sinller  to  tiiis  or;>?  to  ob¬ 
tain,  with  this  classical  way,  a  full  impre.rnation. 


Fig.  12.  Sche.Tatlc  process  of  semi-conductor  impregnation  in  ari 
anodic  coat.* 

The  method  developed  ty  the  author  (9)  does  that  impre£natirr.  takes  place 
only  Inside  the  pores,  as  In  fig.  12  c.  In  this  ease,  the  rinsing  step  is 
eliminated  and  the  surpluss  solution  is  removed  by  wiping  with  a  clean  oloth. 
By  this  way  only  4  to  <8  cycles  are  required  to  obtain  a  full  impregnation. 


It  has  been  found  exrieri..:ontaly  that  in  the  former  case  the  exterior  layer  j 
of  copper  sulphide  really  exist,  beo  use  high  oonductirlty  is  obtained  when 
two  electrodes  me  applied  on  the  impregnated  ooat.  In  the  eeconu  case,  the  { 

high  isolant  chiracter  of  the  ooat,  remains  after  the  imispegnation.  Of  course,  j 
in  both  oases,  good  conductivity,  if  tiie  proper  polarity  ie  used,  r-ositlve 
for  the  coat),  is  obtained  when  the  conductivity  is  measured  throtigh  the  impre^ 
natiHl  ooat,  being  the  negative  electrouo  connected  to  the  bare  metal-base. 


These  results  seem  to  oonfira  that  the  prooaes  of  oonduoilon  takes  pl^ue 
only  via  the  barrier  layer  existing  on  tiie  bott<»c  of  the  ooat,nsar  to  the 
metal-baee,  well  by  tunnelling,  by  boles  existing  in  the  ooat,  or  beoause 
ionic  diffusiem  of  oopr>ei*  ions.  the  ctnitrary,  transversal  oemduotian  throu^ 
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the  nalle  of  each  cell  the  thiolcnese  is  great  enough  to  allow  any  type  of 
oonduotlon. 

The  ideal  impregnation  for  ovu*  purpose  is  eohematir'ed  at  fig«  12d.  This 
oan  be  aohieved  by  controlled  impratinatlon  of  the  ooaty  in  euoh  a  way  that 
the  semi-conduotor  only  covers  the  wall  and  bottom  of  the  pore. 

Unfortunately  during  the  development  of  this  work,  it  has  been  discovered 
that  not  all  the  imprefTnations  done  with  OuS  are  conductives.  Sometimes  a 
green  variety  is  obtained  -Ahich  is  not  oonduotive  at  all.  All  the  effort 
devoted  to  clear  this  problem  has  given  til  present  no  definite  information. 
By  this  reason  impregnation  by  chemical  reduction  in  situ  of  silver  nitrate 
w:  th  reducing  agents  has  been  experimented.  The  better  results  obtained  have 
been  gdfter  exposing  the  salt  impregnating  the  ooet  to  the  light  aotion  and  u- 
sing  a  mixture  of  methol-h^/droquinone  as  the  agent  to  produce  the  reduotlon. 
Plain  metallic  silver  impregnations  have  been  obtained  in  this  way  but  alwrays 
with  very  low  conductivity,  similar  to  the  other  impregnants  used  other  th-Ui 
CuS  or  AgS  (see  fig.  4). 

Finally,  the  behaviour  of  these  different  types  of  impregnation  (sulphi¬ 
des,  oxides,  free  metals  etc)  to  thermal  treatment  is  rather  oomplez.  While 
for  CuS  first  a  iecrease  in  conduotivity  takes  place  until  about  400*C  to 
increase  afterwards  as  shown  in  fig.  13»  where,  for  purposes  of  oomparation 
conductivity  of  empty  anodic  coat  is  also  plotted,  in  PbS  or  HiS,  conducti¬ 
vity  increases  ^radualy  with  temperature  in  a  reversible  process  as  shown 
in  fig.  14. 


Pig.  13.  Conductivity  in  function  of  tempera tuie  for  a  sample  Of  anodlo 
coat  impregnated  with  CuS.  The  behaviour  of  a  blank  anodlo  ooa— 
ting  is  also  plotted. 


-  - 

In  other  eerlee  of  ezparliLenta  with  metal  silver  imprenntla^:  the  eo«tf 
an  irreversible  ohan^e  to  hlKhor  oonduotivity  takes  place  lAen  semplee 
are  treated  at  ^00*C  for  two  hours. 

from  the  above  results,  it  is  evident  that  a  more  intensive  reeeeirah 
on  this  subJet  is  required  before  definite  oonolusions  oan  be  draw  out 
from  such  a  oomplex  behaviour. 


•  iM  1m  Tm 


nemATuas  x. 


y 

Tig,  14.  Conductivity  in  function  of  temperature  for  a  sample 

of  anodic  coating  impregnated  with  liS  (Reversible  yro- 
oePB, 
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ftft  III  -•  Bl«ctro-platlng  ftK>o«dur«. 


Information  has  been  given  In  Part  II  about  the  atepi  required  for 
effeotlve  electroplating  on  an  anodic  coating.  It  remain  to  be  dieoueeed 
if  plating  action  oari  take  place  ineide  the  pores  of  such  a  ooat* 

The  possibility  of  electro-deposition  of  nickel  in  narrow  oirerioem  or 
slots  and  the  ml oro throwing  power  of  nlokel  plating  solutions  has  been 
studied  by  Garmon  k  Leidiielser(lO)  and  they  found  that  metal  deposited 
in  small— soale  recesses  is,  in  contrast  to  that  deposited  in  large  soale- 
reosssesy  vlrtualy  uniform  in  thlokness  over  the  profile.  Of  oourse  the 
semaller  reoaaaes  studied  by  these  authors  wore  orevioes  0,06  amt  wide 
and  8  ms  deep,  l.e.  with  a  lenght  diameter  ratio  about  100  In  plaoe  of 
1000  as  in  the  present  case  and  with  a  very  big  dlfferenoe  In  diameter, 
irttloh  does  it  dlffloult  to  ascertain  If  the  results  of  these  woztEers  oould 
be  applied  to  a  porous  anodic  ooating. 

In  any  oase,  when  samples  impregnated  with  CuS  are  lasMrsed  In  an  hi^di 
nldcal  olorlde  nlokel  bath,  a  layer  of  nlokel  la  obtained  on  the  surfaoe 
of  the  ooat,  normally  requiring  a  woiklng  voltage  of  about  8  volts,  If 
a  normal  nlokel  ooat  Is  desired.  It  was  oomprobated  ,  by  doing  the  elso- 
tro-dei>oaition  in  a  Hull  cell  (see  below),  that  for  this  working  voltage 
the  current  density  used  is  similar  to  that  in  use  for  niokel  plating  on 
olean  bare  metals.  Lower  current  densities  generaly  deposits  visible 
ooats  of  nlokel  til  a  value  about  0.05  Amp/s^.dm.  where  no  visible  nlokel 
Is  deteoted,  but  the  sample  shows  a  feeble  ferromagnetism. 

It  was  also  found  that  eleotro-deposition  oan  take  plaoe  if  done  through 
a  ooat  of  paint,  applied  on  the  impregnated  ooating  by  silk  screen.  After 
removing  the  ooat  of  paint  with  a  solvent,  a  surfaoe  with  a  grey-dark  co¬ 
lour  of  high  oonductivityand  ferromagnetic  in  character  is  obtained.  Obe- 
nioal  and  thermo-magnetic  analysis  shown  that  the  substance  in  the  pores 
was  mainly  free  metallic  nickel. 

Photographic  gelatine  has  been  used  also  as  diaphragm  with  similar  re¬ 
sults.  In  oonnection  with  these  type  of  diaphragms  attached  to  the  ooa— 
ting,  Sato  (ll)  in  Japan,  has  been  able,  while  studying  the  meohanism  of 
the  permeation  of  ions  through  paint  films,  to  find  that  ions  actively 
diffus  through  paint  films  themselves  rather  than  through  possible'  pin-^lee 
In  the  paint. 

The  behaviour  of  both  types  of  nldcel  films  on  the  Impregnated  ooats(  Ike 
obtained  directly  without  and  with  diaphragm)  is  quite  different  not  omly 
In  colour  or  aspect,  if  not  In  adhesiom*  While  the  nlokel  obtained  wltheBt 
diaphragm  Is  quite  easy  to  detach,  the  dark  nickel  obtained  under  a  paimt 
dlaphra^  only  can  be  removed  if  the  entire  anodic  ooating  where  is  wro*** 
ted  Is  removed  from  aluminium. 

In  other  hand,  when  both  types  of  nicksl  ooats  are  immersed  la  a  solutAlB 
of  sodiun  oyanlde  ,  the  film  obtained  directly  loss  Itm  ooaduetlve  obMXt0tnt 
iHien  measured  through  the  anodic  ooating.  On  the  contrary,  the  dark  one 
loss  at  all  this  metallic  character* 

It  Is  apparent  that  in  the  last  oase  nickel  has  entered  the  pores  witk  m 
eertaln  continuity  through  the  full  lenght  of  them.  If  this  tppo  ot  scat  i* 
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aow  attMjMd  tgr  nitrlo  aold,  the  niokel  dlaaolTea  and  tlia  oaodle  aMt 
raaaiaa  unoban^d  aod  recovers  the  original  hlg^  alaotrio  isolant  aatara* 

That  thlnga  are  no  ao  simple  as  hare  assuaiad  la  danostratad  hjr  tha 
fact  that  In  all  the  tentativea  done  to  detach  this  caatposlta  acatiaga 
froa  the  alualnium  support ,  always  ha  types  of  layers  are  obtalaedf  daik 
in  aapeot  the  one  nearest  to  the  top  of  the  ooating  f  where  praotloaly 
all  the  deposited  niokel  is  present^  and  a  olear  one  mainly  formed  hy  slu>* 
minium  oxide  with  feeble  or  nothing  of  ferromagnetlam  where  niokel  is  p^a»> 
tioaly  absent*  These  factors  point  to  auposse  that  idien  niokel  is  depoai'* 
ted  through  a  diaphragm  a  layer  of  niokel  develops  between  the  anodio  oosp* 
ting  and  the  painty  rather  th’ui  inside  the  pores* 

The  oomparative  study  of  both  types  of  niokel  films  was  oonsidered  of 
Interest*  To  acomplish  that  samples  were  anodized*  impregnated  with  OoS 
in  the  usual  way  and  partially  oovered  as  shown  in  fig*  15*  with  white 
paint  by  silk  screen.  After  electro— deposition  on  this  saaqples*  the  pmlmt 
is  removed,  and  samples  cutt  out  in  pieoes  of  10  z  20  mm* 


fig*  15*  Samples  of  anodised  aluminltu*  impregnated  with  0u8  and 
partlaly  oovered  with  a  paint  diaphragm  ready  for  niokel 
slectrodeposltlon*  The  clearer  sample  has  been  already 
electroplated* 


Apart  of  the  normal  plating  procedures  carried  out  in  a  olassioal  eleo- 
troplating  bath,  two  other  special  electroplating  cells  has  been  used  in 
connection  with  this  work. 

One*  the  Hull  cell  (l2),  because  of  the  non-parallel  disposition  of  both 
electrodes,  fig.  16  a*  presents  on  the  surface  of  the  cathode  a  ocmtlmaoiim 
spectrum  of  oiirrent  densities  that  gives  plaM  to  an  electro-plated  film 
with  deoreaBlng  thicknese*  whereby  a  collection  of  films  with  different  thi#. 
ness  obtained  under  the  same  operating  conditions  can  be  by  this  way  sesMIl^ 

The  visual  examination  of  samples  plated  in  this  way*  provides  direot 
formation  about  the  influence  of  currant  density*  bath  oomposltioo  and  praglUt 
impurities  in  the  electrolyte  on  the  final  nature  of  the  film*  To  avoid  dim* 
torted  values  due  to  edge  effects*  only  the  central  zone  ABCS  must  be  oommi* 
dared*  fig*  16  b* 

Xn  our  aotxial  work*  the  plated  samples  at  the  Hull  eell  wars  properly  dlfUM 
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In  daflnlts  WMCf  as  In  fig.  16  b  and  outt  out  in  atvlv**  1h» 


'ik*'  > 

<  .  k.- 


Fig.  16.  Geometry  of  Hull  oell.  Preparation  of  sanplos. 


stripe  were  used  for  magnetio  determinatlona  and  tho  aldo*-baBd  agyiaroo » 
top  and  bottom,  used  for  thiokneaa  determinatlona,  when  poaeibla,  tlio  mrm 
rage  value  taken  as  the  true  tbioknaes  of  the  oorrespondant  atrip  In  tlM 
central  band. 

Thile  this  prooedure  has  given  very  good  results  whan  plating  nlekal  Mi 
oopper  or  brass,  electroplating  on  oonduotlve  anodic  ooatings  UM  la  SMM- 
ral  Iregular  or  defioient  ,  beoauae  of  surface  dlffsroBOOS  in  the  OOmAMK 
tlvity  Imparted  by  the  impregnating  process  with  OuS.  the  most  lagporiMli 
faots  deteoted  in  oozmeotlon  with  this  oase  mere  that  fila  adhosiOU  doSMar* 
sea  with  current  density  and  that  those  areas  where  no  nloksl  oould  ho  pfr 
teoted  by  the  naked  eye,  soMtines  a  feeble  ferromagnotlsa  is  proMBtf  Mdnf 
the  late  a  symptom  that  some  nickel  has  been  elsctrodoposltod  l—tdd 
pores  of  the  anodic  coating.  Chemloal  analysis  of  those  areas  detsetsd  iMSss 
of  nickel. 

Other  type  of  electro lytlo  oell  used  Is  shown  at  fig.  17.  this  sell  ssa 


Fig.  17.  neotreplating  oell  to  obtain  olMMlsv  spHa  of  pl^jl 
fllss  on  anodio  ooatiugs  and  for  MntMli  polMllstiipl 
studios. 
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don*  -to  be  able  to  plate  nlokel  filaa  aa  autll  olroular  apots  on  the 
oonduotlve  anodlo  ooatlngs  and  to  studjr  ourrant  polariaation  ourraa  of 
theaa  oomplez  eystoM.  Also  has  been  used  to  draw  out  ourrent-^oltaca 
ourree  by  ueln^  aeroury  as  a  full  "adaptable"  eleotrode. 


Ftirt  IT  -*  Thlokness  Beaauraaenta 


Alwajra  It  haa  been  poaalble  uae  haa  bean  nada  of  aia  aleotroatohlag  metbod 
(Kokour  Thlokneaa  Meter) to  neaaure  thlolmeaa  of  obtained  fllan*  Tklm  iBe~ 
trunent  glvea  aoourate  reaulta*  ^  proper  oare  la  taJcaHt  doen  to  0^1  ndLaroae* 
Eeaulta  obtained  by  thla  method  were  eventualjr  obeokad  out  bydlreot  '■eight 
determinations  or  with  and  eleotromagnetlo  method  alao  arallable  (Oermltron 
Thlokneaa  Meter).  Both  methodai  while  working  well  for  fllma  depoalted  oo 
oopper  or  braaa  give  more  or  leee  erratio  raaulta  for  fllma  of  nlokel  depo~ 
sited  on  oonduotive  anodic  ooatinga,  waloh  until  preaent  only  oan  be  measu¬ 
red  by  detaobing  the  entire  anodlo  ooating  from  the  aliaalnium  support  or 
by  detaching  the  nickel  film  deposited  on  the  anodlo  surfaos*  In  thla  late 
case  I  the  film  la  transplanted  to  a  calibrated  mioa  sheet  and  measured  me- 
ohanioaly  with  a  CSIP  Univeraal  Measuring  Machine  for  films  tbloknoaa  down 
to  0,5  mlorouB  as  maixlmuffl. 

Measurament  below  0,1  microns,  haa  been  attempted  on  behalf  of  a  Talysurf 
^ofllometer,  that  In  reason  of  posaealng  aenaltivlty  enou^  to  maasurs  Ta- 
rlatlons  of  an  order  of  0,01  microna,  le  of  soaroe  uee  if  the  euport  is  not 
flat  anou^  to  avoid  mlslnforiBatlon  draw  out  from  the  Inherent  roughnaee  of 
the  sample,  as  Is  hare  normaly  tiie  oase.  By  this  reason,  with  this  method  on¬ 
ly  In  a  few  occasions  It  has  been  able  to  give  definite  Information  for  thlok- 
nsss  below  0,1  microna.  In  fig.  25  a  profll  of  nlokel  film  obtained  with  end 
without  diaphragm  la  given. 

In  other  hand,  other  prooeduras  for  thioknees  detexmlnatiana  In  the  range 
of  a  few  hundred  of  angstroms,  as  J^aya  dlff ration  or  X-ray  fluoresoenoe 
spec trome trie  methods  (13)  were  poaitlvely  not  available  to  the  author* 

This  problem  presented  a  eerioue  limitation  for  the  preaent  woric,  until 
it  was  found  that  such  thickneee  could  be  estimated,  within  a  reaaenable 
accuracy  by  doing  uae  of  Hull  equations  (l2), 

D  -  1  (  5,1019  -  5,2401  log.L)  (  for  a  250  o.o.  oell), 

i  where  D  and  1  are  current  density  and  total  ourrent  rsapeotively  and  1,  the  ) 
distance  from  the  particular  point  to  the  side  of  maximum  C*I>.  Thlaknems  | 
is  obtained  by  Faraday  Law,  assuming  absence  of  cathodic  polarlzatlOB.  1 

always  that  the  oell  cone tan ts  and  the  total  ourrent  danalty  on  the  memple 
were  known  and  better  if  the  thloker  side  of  plated  sample  has  thl^nmmm 
enough  to  be  determinated  ezperimentaly  to  be  used  aa  a  referenoe  thlafeamM* 

11  tn  thle  method  It  has  been  possible  to  estimate  thiokiMM  down  to  $00  A 
aa  shown  in  fig.  18. 

The  partloular  values  of  ourrent  density  far  each  strip  Mas  been  obtainmd 
from  the  above  Hull  equations  for  the  partloular  oell  umei,  as  sbowm  in  table 
III,  fig.  19. 

Theoretloaly  there  la  not  limitation  for  the  eatlmatleB  Of  thlmmeir  fllma 
with  ^a  aothod  and  by  using  a  gremter  oell  able  to  plato  Inn^ar  —mplea, 
toe  author  believes  that  an  entire  graduation  of  thiotaMma  firom  thiek  fUaa 
to  the  thinnest  ones  oould  be  obtained  aimultaneoualy  by  thla  may*  Aa  iMt 
thle  method  looks  se  a  suitable  tool  irtisD  no  other  are  afailabla* 

Unfortunately,  the  above  method  has  been  used  omly  ml  tit  saaosas  far 
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on  oopper  or  braaa*  Its  possible  applioation  to  filss  dspesitsd  Ml  OOB- 
duotlve  anodic  coatings  bas  been  not  possible  until  present  beoauss  of 
the  llnitations  above  stated.  ; 


18.  Experimental  values  and  stlnatsd  ones  for  thioknsss  of 
plated  sanples  on  oopper  in  a  Hull  cell. 
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Fig.  19*  Table  III.  Current  density  v'llues  obtained  from  Hull 
equations  for  a  Hull  cell  of  2^  o.o. 

• 

For  the  pxirpose  of  neasuring  thickness  of  anodlo  ooatlngsy  it  was  neoo»> 

Bsary  to  detaoh  the  anodlo  coatings  from  the  alunlnluB  supports.  Several 
tentatives  were  made  to  solve  away  the  setal,  but  the  solutions  used  attac¬ 
ked  the  fils  or  the  compound  under  the  film.  After  several  trials  tbs  better 
method  found  for  this  particular  oase  was,  first  to  seohanloaly  detaoh  as 
small  part  of  the  ooat  leaving  the  alumitflum  free  and  by  lanersiag  the  ssnpls 
in  a  solution  of  merourio  chloride  where  and  snail  drop  of  meroury  metal  i* 
present.  The  detaching  process  takes  a  certain  amount  of  time  but  flmaly  tts 
anodlo  ooat  is  freed,  the  aluminium  beisig  not  totally  attaoked  idisn  the  eoat 
can  be  extracted  by  using  a  mica  support.  After  oarefully  washiagf  the  eestlns 
can  be  dryed  and  ready  to  thickness  measurosentf  done  meohanioaly  on  the  OflEr 
universal  measuring  Machine. 


I 
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Pikrt  7->  Ma^etlo  Maasurameats* 


Ua*  of  installations  existing  at  Laboratoxgr  of  Macaotiair  Ibutarli  VklTar~ 
sity  or  built  by  the  author  at  Marooni  IspaitolaySaA*  LaboratoviMI  lUM  boon 
aada  in  order  to  study  the  aagnetlo  behaviour  of  saaplos  of  Utodlaad  alu~ 
iBiwiiMi  Inprsgnated  with  aagnetlo  materials* 

First  it  was  neoessary  to  oheok  the  possible  presaaoe  of  fsrroangnsble 
lapurltlea  In  the  alxmlnlxim  stock  used  for  this  woric*  An  laproved'  asdsl 
of  Curle-Cheneveau  magnetic  balance  (14)  was  used  for  this  purpose*  Fig*  20 
showa  ourvea  obtained  for  selected  samples  of  aluminluB  as  ooapared  with 
an  standard  solution  of  lyfL  nickel  chloride*  lo  traces  of  fsrroaagnetlas 
ware  deteoted  in  the  samples  studied  by  this  aethod  or  in  other  oheoked 
with  a  sensitive  torsion  magnetometer*  lately  found  a  acre  rapid  and  saltar- 
ble  aethod  for  this  purpose. 

In  part  II,  details  were  given  about  the  aagnetlo  behaviour  of  anodic 
coatings  Impregnated  with  salts  of  iron,  nlokel  or  cobalt  after  desooapo— 
sition  in  air  vmder  heat  treatment*  A  guy  aethod  was  used  for  these  Stu¬ 
dies,  but  development  of  any  ferroaagnetlo  phase,  as  a  result  of  thermal 
treataent  could  not  be  deteoted. 

It  was  found  lately  that  for  feeble  ferromagnetlo  materials,  the  availa¬ 
ble  Ouy  balance  was  not  enough  sensitive  and  construction  of  a  ^nksalth 
balance  (l5)  was  considered  advisable  for  these  type  of  materials  idiere  a 
wide  variety  in  magnetic  character  could  be  speoted.  Unfortunately,  after 
several  attempts  with  different  rings  and  materials,  the  method  was  dis¬ 
carded  as  unsuitable  ,  mainly  because  or  the  system  had  not  sensitivity 
enough  to  detect  minute  traces  of  ferromagnetlM,  or  when  sensible  for  this 
it  was  not  possible  to  keep  centered  the  saaple  in  the  gap  when  sustentlal 
ferromagnetism  was  present*  Both  pole  pieces  and  field  mapping  aeet  eless— 
ly  the  requirements  for  the  isodynamic  gap  required  with  such  a  type  of  aag- 
netlo  balance  ,  but  the  problem  was  mainly  oonoemed  with  the  shape  and  slse 
of  the  samples. 


Fig*20.  Calibration  curve  for  a  13)*  solution  of  Cl^hl,  6H20  and 

dispersed  values  for  a  lot  of  blank  saaples  of  alaalalviKt) 
as  aeasured  on  a  Curls-Cheneveau  balanoe* 
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k  ooarse  vereion  of  Neugebauer  torsion  magnetometer  (l6)«mB  them  built  ' 
and  tr^.-ed  with  suooese*  Nlokel  films  eleotrodeposited  on  OOppsTf  brMS 
smd  made-conductive  anodic  coatings  in  the  range  of  $  to  lO  mlorMS  VMM 
first  studied  by  usinj  a  rather  strong  phosphor  hronse  ribbon  (0f06  ,0f$ 

100  mm.  long) . 

A  difficulty  with  this  Installation  was  an  hysteresis  offoot  rolatod  vitb 
the  sense  of  measurement.  Results  obtained  when  inoreasing  the  aaipMtio 
field  dont  fit  with  those  obtained  by  retouming  to  zero  field*  pMPi 

of  these  variations  can  be  attributed  to  inezperienoe  in  ■essureMBt  tat  to 
the  special  character  of  some  studied  flimsy  the  faot  is  that  for  any  tTP* 
or  nickel  studied,  on  different  substrates,  with  different  torsion  wires 
and  better  measuring  experience  ,  the  effect  more  or  leee  always  remains 
present  In  general  in  the  form  as  show  in  fig.  21  obtained  with  a  sample 
of  16  microns  nickel  film  on  copper.  Although  this  hysteresis  effeot  oan 
perhaps  have  other  signification  that  one  of  a  meohanioal  oharaoter,  no 
further  enquiries  were  made  about  It  because  it  was  found  that  ourree  ob¬ 
tained  by  increasing  the  magnetic  field  gave  always  the  values  for  Ms,  Ima— 
nation  at  saturation,  in  close  accordance  with  the  aooeptsd  ones  in  t^ 
literature.  By  this  reason,  all  the  values  obtained  In  this  work  has  been 
drawn  out  from  the  intial  curves,  as  supposed  is  done  by  other  workers* 

As  a  representative  example  of  results,  fig. 22  shows  a  oollectlon  of 


Fig. 21.  Rysteresis  effect  found  by  measuring  at  the  torsion  ma^ 
netomer,  a)  inoreasing  field,  b)  decreasing  field* 

curves  as  obtained  for  nioksl  films  of  different  thickness  plated  om  oopper 
(a)  and  made-conductive  anodic  coating.  Curve  (B)  la  for  an  enodlo  ooatliig  ^ 
where  nickel  is  assumed  lying  Inside  the  pores*  Curve  (O)  ia  the  same  sampl e 
before  removing  a  10  mlorons  nickel  film  deposited  on  the  oposelte  feme  mf 
theanodlzed  sample. 

Bee  iuse  the  thickness  of  nickel  deposited  inside  the  pores  oan  not  be  ear* 
perimentaly  determinated,  its  "magnetic"  thloknese  was  estimated  Iqr  WWrtmg 
^08  emu  to  bo  the  actual  value  of  imanation  at  saturation  of  such  a  film* 

A  thiokneaa  of  about  2  microns  was  so  obtained*  It  was  lately  OMQtrobated, 
when  the  anodic  ooatlng  was  removed  from  the  alximlnium  support  that  two  Mat! 
could  be  distinguished,  one  mainly  of  nlokel  with  a  thloaese  of  about  2 
crone  and  a  clear  coating,  mainly  oonstitutad  by  the  oxide  of  altodnium  mir 
trix,  about  6  microns  thick.  The  fact  demostrates  that  the  film  is  depamli- 
taed  mainly  on  the  top  of  the  surfaoe  of  the  ooating*  That  this  is  Ifes  omM 
at  least  for  the  aress  near  the  edges  of  junction  for  lones  plated  SiMl  mmd 


I 


Fig.  22. 


'  i 

Ma,  netio  curves  obtaineil  for  nickel  films  on  different  supports  ^ 
wi  t;i  the  torsion  msuTetometer.  ,  j 


with  till;  Tnl;.’surf  Prci’Lloinotcr.  In  fi,-,  23,  the  left  side  correspond  to 
to  nickel  film  (iepo.-it«i  on  the  -inouic  coat,  the  rigl.t  side  to  nickel 
iepo  i  tod  through  the  iain’  i  Laphragm.  The  profil  was  tak'-.n  after  ranoTing 
the  paint  -ind  :-ie  Jump  corresponas  exactly  to  the  pair. t-non-pelnt  junction* 
Notice  th--  gre.'  ••.•r  ru^-oir  ty  of  fi'.n  ohtaineo  uncor  paint* 


Pig.  2  3.  Taj-ysuri'  crofii  of  a  paint  -  non-paint  Junction  as  obtained 
for  two  films  of  pic  ted  nickel  on  an  aJ.odic  coating  with  a 
a  partial  diaphragm. 

In  order  to  obtain  mote  actrur-  te  information  about  theee  filma,  supposed 
to  be  inside  the  pores,  furtner  improvimenta  were  made  on  the  torsion  aaj^ 
ne tom  -  ter.  A  new  torr  on  heau  and  thinner  torsion  wires  were  usedy  the  a»“ 
tuul  one  Icing  of  tugsten  0,0026  mm.  diameter,  sensitive  enough  to  nioltel 
films  below  500  A  thick  for  the  area  of  samples  used  (2  sq.onT* 

In  fig*  24  curves  are  given  as  obtained  with  this  new  magnetoneter  for 
the  same  samples  studied  before  (fig*  22)*  In  fig*  25  a  representative 
collection  of  urves  is  given  for  nickel  deposited  in  (-Tadualy  deoraasiag 
thickness  on  a  coppt  r  foil  in  a  Hull  cell. 

The  . er...  ;  V i  tyr  obtained  with  this  improved  megnetooeter  present  in  other 
h,  nu  aiffi  ultU  r  of  mo-  cur' ment  'ird  it  has  been  found  neoea8ar7  and  adviaa" 
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bit  to  InoreaBe  the  Boaent  of  Insroe  of  the  toreioa  egretea  b|r  eddlac 
suitable  loads  and  by  providing  it  irith  a  proper  doiplaic*  Witk  these 

- p— — modlfloationsy  oeasureneat  are  done  with  less 

difficulty  and  greater  aooursoe* 

*•  -Nr- - With  the  experienoe  gained^  provisions  are 

now  taken  to  build  up  a  new  BagnetOMter*  Ads 
p  will  U8<^  a  better  eleotroaagnet  and  shall  be 

- provided  with  air  evacuation  in  order  to  laprove 

j  oonditiona  of  meas'crement  with  teaperature  varia- 

jf  tion.  The  new  installatloi^  will  use  the  faoilitie 

*®v - of  laboratory  of  Magnetism/ Kadrld  Universty* 

Hi  Finally t  it  has  been  found  that  the  torsion 

^  - ma^etometer  is  a  good  instrumwit  Cor  Curie  Points 

*  7  determination.  Fig.  26  shows  the  thermoBagnetio 

®|i  curves  obtained  by  this  method  with  several  repre 

sentative  samples.  By  the  experience  obtained^  the 
I  author  is  of  opinion  that  the  methody  when  properl 

.  J  developed •  could  become  and  ezoellent  devloe  to 

study  with  accuracy  the  •’tails"  of  thermoma^petio 
curves^  near  the  Curie  Point,  always  difficult  to 

iP  While  with  the  torsion  magnetometer,  Information 

,[ _ 1  about  Ms,  magnetlo  anysotropy  and  Curie  Points  ha- 

® ve  been  obtained  for  the  niokel  films  under  study, 
in  order  to  have  a  full  idee  about  the  magnetlo 
..  „  behaviour  of  these  films,  additional  information 

g.24.  about  the  Ho  (ooeroitive  force)  and  Br  (remanenoe) 

required. 

of  fig.  22  with  the  ^ 

new  magnetometer. 


Fig.  24. 
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Fig, 2^.  Magnetic  curves  for  nickel  films  obtained  in  a  lull  oell 
in  gradualy  decreasing  thiokness  (oopper  support). 


Jletexmination  of  Ho  and  Br  can  be  secured  through  a  M-l  tracer  like  the  ele^ 
tronlo  one  developed  by  Crittenden  and  ad.  (l7)if  sensitive  ewotigb  for  the  vih* 
ry  small  amounts  of  ferromagnetic  material  present  la  each  sample*  HifortaMr 
tely  the  B-B  tracer  being  developed  at  Laboratory  of  HapMtisB,  Ihdrld  QiiwM^ 
sity  that  the  author  had  in  mind  to  use  tc  aeaeure  the  MH|»lMf  MM  "ot  fOiMina 


-  24  - 


til  prt'sent  to  the  sensibility  required  for  this  partieular  oue*  beoauee 
of  several  difficulties  with  the  circuitry  and  ezoitatlOB  oolla  geoMtxy 
ririsintj  when  greater  sensitivity  is  forced  out>  At  preMBi  the  tracer  eeziBi 


0  100  z«o  MO  ac 


Pig.  ^ .  Thermoma^-nctic  curves  aa  obtained  in  the  toreiea 

netometer,  adaptated  for  this  purpose.  (nickel  fllas). 


quite  well  for  amounts  of  nickel  about  100  times  greater  than  the  noraaly 
contained  in  the  actual  samples. 

In  order  to  by-pase  this  difficulty,  a  search  in  the  literature  gave  ae 
result,  theit  despite  several  excellent  methods  were  available,  the  fea¬ 
sible  ones  were  out  of  author  possibilities  or  not  fitted  for  the  else  and 
shape  of  samples.  In  these  circunstanoes  a  method,  early  used  at  Xteboretes^ 
of  Magnetism  of  Madrid  for  other  purposes,  was  considered  north  to  he  tried. 


The  method  Is  based  on  the  variation  of  natural  frequena|(  of  torsiom  omw 
dilations  when  the  ferromsgnetic  sample  is  suspended  from  a  toraien  mlM. 
in  an  homogenous  magnetic  field,  fig.  27. 


•AMPLE 


POR  M.e  t.«t 
PM  N•^Oa 

(I) 

Y.Tomiom  eouPU.(1^4|!|^ik' 


X.PIRIM  PM  MtflA 


fig.  27.  Iquatiaie  for  intensity  of  iaeamtlon  for  aa 

magaetoneter* 
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In  this  nay  vulues  for  the  instant  laanatlon  for  aaoh  Talus  of  Mgkoltl# 
field  fron  zero  to  saturation  oai  be  tbsoretioaly  obtained  by  knowi^  iB 
each  oase  the  values  for  both  periods  and  the  external  nagnetio  field* 

Tbe  method,  of  courae,  must  meet  several  operating  oondltlona*  In  first 
place  a  field  aa  uniform  as  poaslble  and  same  alee  and  plaoement  of  asB  ' 
pie  Is  required.  Second,  tbe  starting  oaolllation  must  be  made  from  the 
same  amplitude  as  possible.  Third,  the  angles  of  osoillation  must  be  ksept 
between  reasonable  small  values  and  fourth,  tbe  system  oust  be  oapable  to 
keep  itself  oscillating  for  time  enough  to  provide  for  several  deteimina- 
tiona  within  the  same  stroke.  Unfortunate. y  ,  conditions  2  and  4  are  diffi¬ 
cult  to  be  meet  for  different  values  of  the  field,  speolally  if  eamjplea  arm 
subotantlaly  ferromagnetic.  The  better  results  have  been  obtained  with  a 
oomblnatlon  of  proper  selection  of  torsion  wire,  additional  inertia  and  a 
suitable  slight  damping. 

Slectrical  pulses  as  obtained  from  a  oadmium  sulphide  photocell  has  been 
found  tha  most  suitable  and  accuracy  method  to  determlnata  period  values* 
These  pulses  car.  be  sent  to  an  oscillosoopy ,  recorder  or  aleotronlo  time- 
counter,  whereby  the  value  of  semi -periods  la  obtained.  We  have  used  for 
this  purpose  an  tranalstorlsed  Admiral  time-oounter  with  good  results^  but 
a  Hewlett-Packard  523B  is  also  suitable  for  period  meaeursDont* 

Details  of  oscillation  magnetometer  are  given  in  figs.  28,  29,  and  30* 


Pig.  28.  Osoillation  magnetometer*  Front  vlev* 

A  li^t  bean  is  reflected  from  tbe  mirror  attaohed  to  tbe  mmeiUmtlM 
and  gives  eleotrio  pwlsee  irtien  passing  for  and  bmok  tbm  omlly  ernmni^  mlrnlHilf 
type  of  cell,  to  feed  tbe  oounter  without  any  aapllfiomtlom  rtfoinmia 
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In  order  to  securt-  siiarp  Jid  olaan  pulses |  free  of  light  or 

B pui'eous  signals  a  series  of  preoautioas  were  taken*  Light  besBf  after  ohant- 


9ig.  29*  Oscillation  eagnetometert  Plant  Tlew* 


rig.  30.  Oecillatlon  nagnetoaeter.  Eleotrloal  olrouit. 


neled  through  slits  and  lens,  iaplnges  on  a  ojrlladrloal  eerarllo 
lens,  being  b/  this  way  sharpljr  focused  on  the  oell  aotlre  surface* 

Pole  piece  faoes,  sample  bolder  and  anjr  other  objet  able  to  reflect 
light  was  painted  with  dull  blaok  paint*  Moreover  the  oo^ponente  of 
the  electrical  circuit,  including  the  oell  were  optloal  and  eleetrieel/ 
soreened. 

Several  attemptea  were  nade  to  seleot  the  aost  suitable  saaple  heldsir 
for  the  t/pe  of  samples  la  studjr  (strips  20  •  10  *  0,6  ai)*  flM  flMl 
solution  was  to  use  a  noul  ed  epoajr  pleoe,  'ritare  mssiplss  and  mlrM#  ew 
be  antualljr  positioned  at  rights  angles  at  will* 


S 
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At  figs.  32  and  33  reoulta  obtained  with  rapresantatlT#  aaaplM  I17 
plotting  oaolllation  frequenolaa  against  applied  field  oan  bn  aeon* 


Fig.  31.  Ejrateresls  loop  obtained  erith  the  oeoill&tlon 
magnetometer.  10  microns  Hiokel  film  supported 
on  mi oa. (Obtained  an  an  anodlo  ooatlng). 


Fig.  32.  Same  as  In  fig.  31  for  a  niokel  film  plated  on 
oopper  foil  (8  microns). 


In  fig.  22,  curve  A  ebows  the  effect  of  the  applied  field  on  the  oaoillai- 
tlon  periods  (fro^ueno^)  of  a  blank  sample  (oopper  foUf  plus  epozjr  aappori 
and  airror«  the  effect  being  fundamantaljr  due  to  the  mpoxj  support. 

llMwa  twHOWfas^tome  ta  iMma  MM  IpMmA  oM 

Unfortunately,  values  for  intenalty  of  Imaaatlon  J  as  obtained  from 
equation  1  (flg27)t  with  the  experimental  values  of  perlodf  the  hyst^ 
reels  loops  then  obtained  lo<dc  quite  distorted  and  the  Taluee  are  far 
of  the  habitual  ones.  See  figs.  34*  3St  36  in  oonpa  ration  with  figs. 

31,  32  and  33. 


S«v«rBl  modfloatlonc  to  th«  •quatlon  1  bar*  baaa  wovicad  out  vlthfMt 
8UOO0S8.  It  la  evident  that  beoauae  oaolllaiiona  aaitlaa  ara  graatar 


Fig.  Same  aa  fig.  31  for  aniokel  flln  dapoaltad  laalda 
the  anodlo  ooatlng  (  2  mlcroaa). 


than  reasonably  alloired  (  at  least  30*C  eaob  aide  of  osntral  point)  Mid 
the  Inherent  dlffloultlee  to  aaoertain  the  true  value  of  internal  field 
in  the  sample,  because  of  its  si>'>e  and  shape,  that  the  method  ia  net  varjr 


Figs.  34  and  3^.  Hysteresis  loops  aa  obtained  from  oscillation  magneto^ 
meter  experimental  values  and  calculated  aooordinc 
equation  1  of  fig.  27*  for  samples  of  fig.  31  and  32* 


suitable  for  this  pur:>OBe  or  at  least  requirea  other  different  treatMMil 
that  the  author  has  been  une>  le  to  find  until  the  present*  Die  naia  fettM'" 
re  ia  perhnpsto  aasume  and  uniform  value  for  J  and  E  in  every  pert  of  Umi 
eample,  when  this  one  is  changing  for  and  back  oonatantly  its  posltien  Ig 
the  oonatant  nagnetio  field  where  it  la  plaoed*  IggkeOPd  the  netlwd  ona  W 
good  there  where  the  magnetic  field  is  always  keep  oonmtant*  as  for  InetaMM 
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In  datexmlnationp  of  Curie  P9iiit8  or  magnetlo  anysotropies  oonatanta* 
cbunge  of  this  late  magr.ituue  was  studied  by  Zijlatra  (l8)  by  doing  OM 
of  a  sioillar  improved  device  where  osoillations  were  keept  lly#  elaotri— 
oally  on  behalf  of  a  feedback  system. 

Of  oo’jrsef  it  has  been  observed  that  distorsion  becomes  less  notiosabls 
when  the  ferromagnetic  aampleis  wsaak»  as  for  instanoe  in  the  case  of  Tszy 
thin  filme  and  possibly  the  method  is  to  be  usefull  in  the  detexmlaatlMl 
of  strong  super-paramagnetic  strictures  where  the  influence  of  applied 
field  is  less  noticeable. 


Fig.  36.  The  same  as  fig.  34  for  sample  studied  in 
•  fig.  33. 


As  far  as  determination  of  Ho  and  Br  values  is  oonoemed  it  remains 
to  find  a  suitable  method,  and  beoauee  of  the  difficulties  found  til 
present  and  the  small  possibility  that  the  B-B  eleotronio  tracer  reach 
in  a  near  future  to  the  sensibility  required,  a  new  revlelon  of  revelant 
teohnloal  literature  ie  now  being  done^  in  order  to  find  the  most  suita¬ 
ble  method  for  this  particular  work. 
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Part  VI  Conoluaiona. 


Froa  the  work  developed  til  present  the  following  oonolueloaa  ow  ba  aadet 


Anodic  ooatln^B  can  be  made  blghljr  oonduotlve  by  proper  laprevta^on 
with  copper  or  silver  sulphide*  Ho  other  oompound  from  about  tilUrby 
tried.h4t&irtteii 


ting. 


»een  rble  to  Impart  subetantlaljr  this  prop^erty  to  the  ooa- 


The  above  reeylts  oonfirm  that  aold  electrolyte  anodic  ooatlagi^  afaile 
in  part  porous,  have  an4  internal  barrier  layer  at  the  bottoa  or  the 
coating^  between  the  aluminium  baae  and  the  porous  part^ 


>• 


The  barrier  layer  oan  be  made  oonductive  probably  in  reason  of  one  or 
a  combination  of  the  following  prooesses  i^)  ^  tunnoLLng  effect^  if 
the  barrier  is  thin  enough  for  the  voltage  applle^(^)  Mif  eleotrolytlo 
diffusion  of  copper  or  silver  ions  under  the  aotlra  of  an  sloetrie  field' 
^3)  Xy  a  doping  action  taking  place  at  the  barrier  during  tho  Iwpreyar- 
ting  prooese*  ^ 


4.  The  made  conductive  ocatlnga  oan  be  plated  with  ferromagnatio  ■aio^ 
rials,  like  nickel,  well  directly  on  the  surface  of  the  ooat  or  imsids 
the  coat  by  plating  under  a  paint  diapharga*  In  the  first  oase  no  aiokal 
is  deposited  inside  the  pores,  the  eleotrleal  oonneotion  with  tho  •luBi*' 
nium  support  being  done  through  the  oonduotlve  Cu8  lying  inside  tto  pogres 
This  oonnectior.  is  interrupted,  recovering  the  anodic  ooating  its  arlXlBa 
high  leolant  character,  when  the  plated  sample  is  Immersed  in  a  ootetiOD 
of  sodium  oianyde. 


When  nickel  is  plated  under  a  paint  diaphragm  it  taken  plaoe  BOt  tOtoly 
inside  the  pores  as  first  assumed*  Only  a  short  part  of  the  langth  #f  tho 
pores,  near  the  top  of  ooating,  are  quite  filled  with  nioksl*  Of  oemrso, 
that  some  nickel  is  deposited  through  the  entire  length  of  tho  porom,  ^ 
reaching  the  barrier  layer,  is  damostrated  because  immersion  of  oomple 
in  a  solution  of  sodium  cyanide  dont  destroys  the  high  metallio  oaoiwoti- 
ve  oharaoter  thc.t  euiocio  ooating  after  eleotrodapooitlon*  The  prooooi  i 
of  layer  growing  looks  as  taking  plaoe  in  both  way**  Hiokol  grew  dow 
towards  the  barrier  layer  and  up  through  tho  paint  ooat.  It  ie  porhl^ 
possible  that  with  a  greater  time  for  plating,  nlokel  oould  remoh 
bottom  of  the  pores*  ! 

6*  For  any  of  both  types  of  niokel  ,  the  magnetlo  behaviour  wmo  Jowi  *  | 

tantlaly  the  same,  at  least  for  the  ma^etio  magnitudes  etiuliodr  1%  | 

netlc  snieotropy  and  Curie  Points*  Talueo  for  Ho  and  Hr  hM  bow  mM  | 

talned  because  the  required  installation  WM  not  availablo*  ' 


7*  As  a  result  of  these  atudles  it  has  boon  found  that  iaj90#Mtiw 

nickel  by  eleotrodaposltion  must  bs  dlsoardod  by  other  mwo  NtthHlp 
method* 

Ths  boot  altomatives  are  tha  imprognatiw  with  iron  og 

by  olootrolooB  process  now  available  (l9)  or  by  thonol  roduet&en 
oontrolled' atmosphsro  of  «rganio  or  Inorganie  oaltn* 
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